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This  report  is  one  of  a continuing  series  of  reports  dealing  with 
the  analytic  investigation  of  the  SGEMP  problem.  In  particular,  this 
report  is  the  first  to  deal  with  the  electromagnetic  response  of  a conduct- 
ing system. 

Photoelectrons,  emitted  by  an  object  which  has  been  struck  by 
X rays,  act  as  sources  for  electromagnetic  fields.  These  electromagnetic 
fields  interact  with  the  object  producing  skin  currents  and  surface  charge 
densities.  When  the  photoelectrons  are  produced  inside  the  system  the 
problem  is  usually  referred  to  as  an  IEMP  (Internal  Electromagnetic  Pulse) 
problem.  When  the  electrons  are  produced  outside  the  system  the  problem  is 
referred  to  as  an  external  SGEMP  problem.  The  subject  of  this  report  will 
be  the  external  SGEMP  problem  for  a conducting  sphere. 

It  is  intended  that  a two-fold  purpose  be  served  by  this  report. 
The  first  is  the  presentation  of  the  complete,  time-dependent,  analytic 
solution  for  the  electromagnetic,  axisymmetric  sphere  problem.  This 
solution  is  predicated  upon  a knowledge  of  the  time  dependence  of  photo- 
electron currents  (the  sources)  in  the  space  external  to  the  sphere. 

Other  reports,  in  this  series1’2’3,  deal  with  the  calculation  of  the  photo- 
electron currents.  The  analytic  solution,  for  the  sphere,  is  valuable, 
in  itself,  because  it  provides  insight  into  the  external  SGEMP  problem  as 
a whole.  It  is  also  valuable  because  it  allows  one  to  predict  the  entire 
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electromagnetic  response,  under  arbitrary  prescribed  source  conditions,  for 
at  least  one  system.  In  contrast,  computer  codes4  dealing  with  the  same 
problem  are  limited  by  stability  conditions  and  grid  size. 


The  second  purpose  of  this  report  is  to  emphasize  that  the  SGEMP 
response  of  a system  is  really  a two-dimensional  surface  problem.  This 
point  of  view  has  been  recognized  by  the  EMP  community  for  some  time5’8. 

In  this  report  we  explicitly  demonstrate,  for  the  case  of  a sphere,  that 
the  surface  response  of  a system  is  determined  by  the  modes  of  that  system 
together  with  the  fields  at  the  surface,  due  to  the  photoelectron  sources 
alone.  One  of  the  difficulties,  in  predicting  the  SGEMP  response  of  complex 
objects,  is  the  three-dimensional  nature  of  the  problem.  The  possibility 
of  transforming  part  of  the  treatment  of  that  problem,  from  the  realm  of 
three  dimensions,  to  a two-dimensional  realm  is  attractive  indeed. 


In  Sections  2 through  4 of  this  report  we  derive  the  time- 
dependent  solution  for  the  conducting  sphere.  A future  report  will  provide 
examples  of  the  use  of  this  solution.  The  future  report  will  also  discuss 
several  specific  aspects  of  the  SGEMP  problem,  based  upon  the  mathematical 
solution  derived  in  this  report. 
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SECTION  2 

DISCUSSION  AND  FIELD  EQUATIONS 


Given  a highly  conducting  sphere  in  space  and  a piecewise 
continuous  (spatially  as  well  as  timewise)  current,  emanating  from  the 
sphere  or  elsewhere  in  space,  the  electromagnetic  fields  anywhere  in  space 
and  time  can  be  found.  The  problem  discussed  in  this  report  is  assumed  to 
be  axisymmetric  for  simplicity.  However,  the  generalization  to  the  non- 
axisymmetric  case  is  clear  and  can  be  done,  if  desired. 


The  method  of  solution  used  here  is  to  first  expand  the  fields  and  cur- 


rent in  terms  of  the  associated  Legendre  polynomials  P^(cos0),  P^(cos0).  The 


spatial  coordinates  are  spherical  coordinates.  The  problem  is  independent  of  the 
azimuthal  angle  ip.  The  fields  are  solved  in  the  frequency  domain  and  later 
transformed  back  to  the  time  domain  by  means  of  a Fourier  integral.  The 
modes  of  oscillations  of  the  sphere  are  manifest  as  poles  in  the  complex 
plane  with  the  transform  method. 


The  9 dependence  is  solved  for  by  an  expansion  in  Legendre  poly- 
nomials. A transformation  to  the  frequency  domain,  w,  removes  the  time 
dependence.  The  remaining  frequency  domain  equation  is  expressed  in  terms 
of  l ,oj  and  the  spherical  coordinate  r.  These  equations  are  solved  by 
means  of  a Green's  function  in  the  r coordinate.  The  particular  Green's 
function  chosen  is  one  in  which:  (1)  spherical  waves  of  radiation  exist 

at  large  distances  from  the  source,  (2)  the  low-frequency  limit  gives  the 
quasi-static  Green's  function  and  (3)  damped  oscillations  as  opposed  to 
non-damped  oscillations  are  part  of  the  solution. 
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Maxwell's  equations  are 

V x t = ill  j + 1 || 

C C dt 

V x £ ,.I||  . 

C dt 


(2-1) 


(2-2) 


Taking  the  curl  of  Equation  2-1  and  substituting  Equation  2-2  into  the 


result  we  have 


v x v x S = _ + ily  x 3 . 

c2  at2 


(2-3) 


For  an  axisymmetric  system,  in  the  spherical  coordinates  r,  0,  and  ip,  exists 
only  in  the  ip  direction.  Under  this  circumstance,  Equation  2-3  becomes 


i a2  _ i a i a . OD  1 a2  _ 

t-  rB  + —=-  7T5-  — t-’  v -K5-  sm0B — = B 

r ~ 2 2 30  sir.0  30  2 „ 2 

3r  r c 3t 


4tt  1 , a Tr  3 0 

( r\  Q J “ rv  rJ  J f 

c r v30  3r 


(2-4) 


where  Jr  and  J®  are  the  r and  0 component  of  the  spatial  current.  Er  and  E® 
are  the  only  non-zero  E field  components.  They  are  obtained  by  solving 
Equation  2-1.  In  terms  of  components.  Equation  2-2  is 


1 3Er  1 3 . 4 it  Tr 

57“  = — • ft  smQB  - — J , 

c 3t  rsm0  30  c 


(2-5) 


1 3E  1 a , 4tt  T0 
c "5T  = ' r 3r  trB>  - T J 


(2-6) 


Equations  2-4  through  2-6  can  be  solved  by  an  expansion  in  the  Legendre 
polynomials  P^(cos0)  and  P^(cos0).  The  expansion  is  made  as  follows: 
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B = Yj  Mr’t)  pJ(cos6)  , 


(2-7) 


Er  = E Ej(r,t)  Pj  , 
£=0 


(2-£) 


E9  = E E®(r,t)  Pt  , 


(2-9) 


jT  = E J£(r.O  p°  » 


(2-10) 


T0  v''  T0 , _1 

J - E Jp(r>tJ  pf 

4=1 


(2-11) 


After  the  substitution  of  Equations  2-7  through  2-11,  Equations  2-4  through  2-6, 
for  each  H become 


T h rB*  - 7 * 1,B*  - 7 B*  ■ - T F <J(  ♦ & rJ?>  • 1 5 1 (2-12) 


E(  - ^Cit  * 1)  , I>1  , 


(2-13) 
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(2-15) 


The  method  of  solution  is  to  first  solve  Equation  2-12, using  the  boundary 

0 

condition  that  at  the  sphere  E^  is  zero.  Equation  2-15  will  be  used  to 


state  the  boundary  condition  at  the  spherical  surface.  After  B0  is  solved 


for,  the  other  fields  can  be  obtained  from  Equations  2-13  through  2-15.  To 
this  end  we  express  B^,  and  in  terms  of  a Fourier  integral,  removing 


the  time  dependence.  The  integral  transformation  for  B^  is 
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hu=fe+1Uj\(T't)dt  • 


(2-16) 
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for  example.  With  this  integral  transform,  Equation  2-12  becomes 
2 

— -^-r-  rB„  - 4r  «.(«,  + 1)B„  + k2B0  = -— -(J?  ♦ ~ ^rJ®  ))  , (2-18) 

r , 2 Hu  2 v J Hu  £oj  c r £o>  Sr  £ur' 

9r  r 

where 


.2  _ 2,2 

k = oj  /c 


(2-19) 


Equation  2-18  is  a basic  equation  for  the  solution  of  this  problem. 

0 x*  0 

and  are  the  Fourier  transforms  of  and  respectively. 
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SECTION  3 

QUASI-STATIC  SOLUTION 

One  of  the  conditions  imposed  on  the  general  time-dependent  solution 
is  that  it  approach  the  quasi-static  solution,  for  the  low-frequency  limit 
(k  0) . The  quasi-static  solution  will  now  be  derived  as  it  gives  insight 
into  the  solution  for  the  general  problem. 

If  the  time  derivative  of  B is  neglected  in  Equation  2-12  this 
equation  becomes: 


18  D 1 „ rn  , . „ 4tt  1 , Tr  8 T0., 

r „ 2 rB£  " 2 £(i  1)B£  = " c r (JS.  + 8r  * 


(3-1) 


The  method  of  solution  will  be  to  find  the  Green's  function  for  Equation  3-1, 
The  solutions  to  the  homogeneous  equation  are 


B = r£  r’(£+1) 
r ’ r 

The  Green's  function  G^(r,r')  must  satisfy 

? fz  - -?  w * i)gi  ■ {(r;r,)  • 

Since  G is  continuous  at  r = r',  from  Equation  3-3  we  must  have 


(3-2) 


(3-3) 
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- 57rS(r-r,) 


= 1 . 


(3-4) 


r+r ' + 


We  construct  a Green's  function  (continuous  at  r')  from  the  solutions 
expressed  by  Equation  3-2  as  follows: 
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GJi(r>r,)>  = r *-2+1^(dr'  + br'2),  r > r'  , (3-5) 


„ , „ ,-(£+1),,  -S.+  1 u JL  . ^ 

G£(r,r')<  = r'  ^ (dr  + br  ),r'  > r , 


(3-6) 


where  b and  d are  arbitrary  constants  to  be  determined  by  Equation  3-4  and 


the  condition  at  the  spherical  boundary.  Equation  3-4  determines  the  value 
0 

of  b.  E = 0 at  the  spherical  boundary  gives  the  value  for  d.  If  d = 0 


the  fields  would  exist  as  if  the  sphere  were  not  present.  The  problem  is  thus 
separated  (through  the  Green's  function)  into  fields  due  to  the  source,  J, 
alone  (d  = 0,  b f 0)  and  those  due  to  the  sources  interacting  with  the 
sphere.  Substituting  Equations  3-5  and  3-6  into  3-4  we  find  that 


b = - 


n + i 


(3-7) 


For  r'  > r,  is  given  by 


R = . 4 2 
1 c 


* 5F-  tr'4»dr'  . 


(3-8) 


R 


where  R is  the  radius  of  the  sphere.  Substituting  Equation  3-8  into  Equation 

.0 


2-15,  setting  E = 0 at  r = R,  and  using  Equation  3-6  and  3-7  we  find  that 

(3-9) 


, (£  + 1)  „2£+l  . 

d = - R r' 

21  + l 


Equations  3-5,  3-6,  3-7  and  3-9  are  all  the  relations  necessary  for  the 
solution  of  the  problem.  They  are,  in  a sense,  the  solution  to  the  problem. 


One  important  quantity  that  must  be  considered  in  SGEMP  problems 

t h c 

is  the  skin  current.  The  £ omponent  of  the  skin  current,,^,  is-  — 

B?(R,t).  Using  Equations  3-5  through  3-9  we  find  that 


= * R 


(^Vra-Vr)/  '-1  • (5- 


10) 


J 


10 


» : 


In  Equation  3-10,  the  term  -r-. — - arises  from  the  sources  alone,  the  term 
£+1  zK'+l 

■^■2-  arises  from  the  source  interaction  with  the  sphere.  For  large  values 


of  £,the  contribution  to  the  skin  current .from  the  sources  alone  (coming 
directly  from  the  B field  of  the  sources),  contributes  half  the  total  skin 
current.  For  i = 1 the  sources  alone  contribute  1/3  of  the  total  skin  current. 
Integrating  by  parts  and  combining  terms,  Equation  3-10  becomes 


Mo 


if 


r'^CJj  + U®)dr*  . 


(3-11) 


Equation  3-11  corresponds  to  Equation  24  of  Reference  4 which  was  derived 
by  another  method. 
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SECTION  4 

TIME-DEPENDENT  SOLUTION 


We  begin  with  Equation  2-18  and  construct  a Green's  function  in  a 
manner  analogous  to  our  solution  for  the  quasi-static  case  in  Section  3. 

The  Green's  function  G£^(r,r')  satisfies: 


f f?  CrG^tr>r,))  ' -T  (t  * 11  Gfc,(r'r,)  * k\,(r’r'>  = 7S(?  - ?,)  ' 

3r  r 

(4-1) 

Solutions  to  the  homogeneous  version  of  Equation  4-1  are  spherical  Bessel 
functions  (Reference  6,  pages  539-540).  The  spherical  Hankel  function  h^ 
represents  outgoing  waves  at  infinity;  the  spherical  Bessel  function  j£  is 
finite  at  the  origin, 
as  follows: 


We  construct  a Green's  function  continuous  at  r = r' 


GAu)(r’r,)>  = hj(kr)(dhj(kr')  + bj£(kr')) 
G£u)(r,r')<  = hj(kr')(dhj(kr)  + bj£(kr)) 


r > r' 


r < r' 


(4-2) 

(4-3) 


Equations  4-2  and  4-3  have  the  property  that  for  r > r\  they  represent  out- 

1 * 

going  waves.  h£  is  chosen  as  the  multiplier  of  the  arbitrary  constant  d 

(b  is  a constant  to  be  determined,  also)  because  it  allows  for  damped  oscil- 
lations. When  d is  determined, this  latter  statement  will  be  obvious.  The 
choice  of  functions, in  Equations  4-2  .d  4-3,  also  allows  the  Green's  function 
to  approach  the  quasi-static  solution  in  the  limit  that  k -*■  0.  Equation  4-1 
also  implies  relation  3-4.  Substituting  Equations  4-2  and  4-3  into 
Equation  3-4  we  find  b: 


* d and  b are  constants  only  in  the  sense  that  they  are  independent  of  the 
spatial  coordinates.  They  are  functions  of  the  frequency. 
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,.  ,,  3 ,li  ,19.| 

J£(kr  ^ 9r  hJ  * h£  9r  JJt'  , 

r=r 

r=r ' 


(4-4) 


By  noting  that  the  homogeneous  form  of  Equation  4-1  can  be  put  into  a Sturm- 
Liouville  form,  and  by  using  the  asymptotic  forms6 


i Her!  + (kr) 

JJ!>k  ^ (21  + 1)!!  ’ 

k -*■  0 


,1„  , . (21  - 1)!! 

Vkr>  - - 1 : jrr 


(4-5) 


(4-6) 


k ->  0 


it  is  easy  to  show  that  Equation  4-4  becomes 


b = - ir'k  . 


(4-7) 


We  note  that  if  d is  set  equal  to  zero,  in  Equation  4-2  and  4-3,  the  result 
would  be  the  Green's  function  for  the  situation  without  the  sphere  present. 

Q 

To  find  the  value  of  d we  impose  the  condition  that  E = 0 at  r = R. 
Utilizing  the  Fourier  transformed  version  of  Equation  2-6  we  must  satisfy 


£(r(W>l  =o- 


(4-8) 


Substituting  Equation  4-3  and  Equation  4-7  into  4-8  we  find 


d = i r'  k 


w trVkr»  | 

9 , ,1,.  . 1 .. 

37  (rh£(kr)  r-* 


(4-9) 


2 2 2 

The  values  of  o)(k  = o>  / c ) at  which  the  denominator  of  Equation  4-9  is  equal 
to  zero, will  be  poles  in  the  complex  io  space, when  we  finally  integrate  over 
a)  to  obtain  the  time  dependence  of  the  fields.  These  poles  are  the  resonant 
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frequencies  of  oscillation.  The  frequencies,  then,  are  defined  by  the  equation 


^K<kr»i  =o . 

r=R 


(4-10) 


This  is  the  same  equation  that  appears  in  Reference  7,  page  558,  Equation  20, 
which  defines  the  frequencies  of  oscillation  of  a sphere,  for  electric  modes. 

Equations  4-2,  4-3,  4-7  and  4-9  constitute  the  solution  for  the 
Green's  function  in  the  coordinate  r.  By  using  the  asymptotic  forms  (Equations 
4-5  and  4-6)  it  is  easy  to  show  that  the  Green's  function  we  have  just  found 
approaches  the  quasi-static  Green's  function  derived  in  Section  3 (Equations 
3-5,  3-6,  3-7  and  3-9). 

Using  the  Green's  function  we  have  just  derived  we  find  an  expres- 
sion for  the  P*  coefficient  of  the  skin  current  K^(t)  on  the  sphere.  From 
Equation  2-17 


- 


(4-11) 


By  using  Equation  2-18,  4-2,  4-3,  4-7  and  4-9  and  the  fact  that 

OO 

VR)  - - f f v'><oL  * ‘r'JL>dr'  - '4->« 


we  find  that 


„ 4ir  . , 3R  i f i 
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(4-13) 


Letting  k = w/c  and  substituting  Equation  4-13  into  Equation  4-11  we  find 
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r 3 , . » 0 N n j * 
+ — (r'J  ))dr' 


w 00 
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r (r'JoJ)dr' 


(4-14) 


Equation  4-14,  which  expresses  the  skin  current  in  terms  of  the  sources, is  one 
of  the  desirable  relations  we  wish  to  find.  The  second  term  in  Equation  4-14 
is  proportional  to  the  magnetic  field  at  the  spherical  surface  due  to  the 
sources  alone.  Because  of  the  denominator,  the  first  term  in  Equation  4-14 
is  expressible  in  terms  of  the  modes  of  the  sphere. 


We  could  construct  the  solution  for  any  of  the  fields,  E^,  E^, 
at  any  point  in  space,  in  exactly  the  same  manner  that  Equation  4-14  was 
formed,  that  is,  by  using  the  determined  Green's  function  and  integrating 
over  a)  in  the  complex  plane.  The  u)  integration  brings  out  many  of  the 
features  of  the  problem.  The  fields  are  retarded  in  time  and  those  parts 
of  the  fields  which  arise  from  the  sphere  are  characterized  by  specific 
frequencies  and  damping  constants.  When  the  explicit  functional  form,  for 
the  spherical  Bessel  functions,  is  inserted  into  the  Green's  function, 
powers  of  oi-1  result.  This  has  the  effect  of  representing  the  time-dependent 
solution  for  the  fields  in  terms  of  time  integrals  of  the  known  time 
dependence  of  the  source.  These  and  other  characteristics  of  the  solution 
will  be  discussed  in  a succeeding  report. 
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SECTION  5 


CONCLUSION 


The  solution  to  the  time  dependent  sphere  problem,  in  terms  of 


the  source  currents  in  space,  has  been  presented.  Equation  4-14  expresses 


th  th 

the  x 1 component  of  the  skin  current  in  terms  of  the  x components  of  the 


source  current  components.  One  of  the  notable  features  of  this  equation  is 
that  the  reaction  of  the  sphere  can  be  expressed  in  terms  of  the  modes  of 
the  sphere  and  the  field  of  the  sources  alone,  at  the  surface  of  the  sphere. 

The  modes  are  an  inherent  electromagnetic  characterization  of  the  surface  of 
a system.  This  fact  emphasizes  the  two-dimensional  nature  of  the  surface  response 
even  though  the  Green's  function  solution  presented  here  was  three  dimensional. 


If  we  are  only  interested  in  the  surface  currents  and  surface 
charge  densities  on  a system  we  would,  in  a sense,  be  getting  a lot  of 
unnecessary  information  by  finding  the  electromagnetic  solution,  in  all  of 
three-dimensional  space.  Surface  currents  and  charge  densities  are  the 
important  SGEMP  quantities.  It  therefore  seems  reasonable  that  some  part 
of  future  research,  in  this  area, should  be  devoted  to  characterizing  systems 
and  their  SGEMP  response  in  terms  of  surface  modes. 
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ATTN:  Library 

ATTN:  Donald  H.  Bryce 

Litton  Systems,  Inc. 

Guidance  & Control  Systems  Division 
ATTN:  R.  W.  Maughmer 

ATTN:  Val  J . Ashby,  MS  67 

ATTN:  John  P.  Retzler 

Lockheed  Missiles  & Space  Co.,  Inc. 

ATTN:  George  F.  Heath,  D/81-14 

ATTN:  Edwin  A.  Smith,  Dept.  85-85 

ATTN:  Dept.  85-85,  Samuel  I.  Taimuty 

ATTN:  Philip  J.  Hart,  Dept.  81-14 

ATTN:  Benjamin  T.  Kimura,  Dept.  81-14 

Lockheed  Missiles  and  Space  Company 

ATTN:  Clarence  F.  Kooi,  Dept.  52-11 

LTV  Aerospace  Corporation 

Vought  Systems  Division 

ATTN:  Charles  H.  Coleman 


LTV  Aerospace  Corporation 
Michigan  Division 

ATTN:  James  F.  Sanson,  B-2 

ATTN:  Tech.  Lib. 

M.I.T.  Lincoln  Laboratory 
ATTN:  Jean  L.  Ryan 

ATTN:  Leona  Loughlin,  Librarian,  A-082 

Martin  Marietta  Aerospace 
Orlando  Division 

ATTN:  William  W.  Mras,  MP-413 

ATTN:  Jack  M.  Ashford,  MP-537 

ATTN:  Mona  C.  Griffith,  Lib.  MP-3C 

Martin  Marietta  Corporation 
Denver  Division 

ATTN:  J.  E.  G-.odwin,  Mail  0452 

ATTN:  Ben  T.  Graham,  MS  PO-454 

Maxwell  Laboratories,  Inc. 

ATTN:  Victor  Fargo 

McDonnell  Douglas  Corporation 
ATTN:  Chester  G.  Polak 

McDonnell  Douglas  Corporation 
ATTN:  Paul  H.  Duncan,  Jr. 

ATTN:  Stanley  Schneider 

Mission  Research  Corporation 


ATTN: 
ATTN: 
4TTN: 
ATTN* 
5 cy  ATTN: 


Conrad  L.  Longmire 
Daniel  F.  Higgins 
Roger  Stettner 
William  C.  r rt 
^oc.  Con. 


Mission  Research  Corporation 
ATTN:  David  E.  MereweLher 

ATTN:  Larry  D.  Scott 
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Mission  Research  Corporation,  San  Diego 
ATTN:  V.  A.  J.  Van  Lint 


The  Mitre  Corporation 

ATTN:  Theodore  Jarvis 


Motorola,  Inc. 

Government  Electronics  Division 
ATTN:  James  R.  Black,  MS  A112 

ATTN:  Tech.  Info.  Ctr.,  A.  J.  Kordalewski 


Northrop  Corporation 
Electronic  Division 

ATTN:  John  M.  Reynolds 

ATTN:  Vincent  R.  Demartino 

ATTN:  Boyce  T.  Ahlport 


Northrop  Corporation 

Northrop  Research  and  Technology  Center 
ATTN:  Library 

ATTN:  Orlie  L.  Curtis,  Jr. 

ATTN:  David  N.  Pocock 


Northrop  Corporation 
Electronic  Division 

ATTN:  Joseph  D.  Russo 


Physics  International  Company 


Pulsar  Associates,  Inc. 

ATTN:  Carelton  H.  Jones,  Jr. 


R & D Associates 

ATTN:  William  J.  Karzas 

ATTN:  S.  Clay  Rogers 

ATTN:  Richard  R.  Schaefer 

ATTN:  Leonard  Schlessinger 

ATTN:  William  R.  Graham,  Jr. 


The  Rand  Corporation 

ATTN:  Cullen  Crain 


Raytheon  Company 

ATTN:  Gajanan  H.  Joshi,  Radar  Sys.  Lab. 


Raytheon  Company 

ATTN:  Harold  L.  Flescher 

ATTN:  James  R.  Weckback 


RCA  Corporation 

Government  & Commercial  Systems 
Astro  Electronics  Division 
ATTN:  George  J.  Brucker 


RCA  Corporation 
David  Sarnoff  Research  Center 
ATTN:  K.  H.  Zaininger 


RCA  Corporation 

Government  & Commercial  Systems 
Missile  & Surface  Radar  Division 
ATTN:  Andrew  L.  Warren 

ATTN:  Eleanor  K.  Daly 
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RCA  Corporation 

ATTN:  E.  Van  Keuren,  13-5-2 


Research  Triangle  Institute 

ATTN:  Sec.  Officer  for  Eng.  Div., 

Mayrant  Simons,  Jr. 


Rockwell  International  Corporation 
ATTN:  Donald  J.  Stevens,  FA70 

ATTN:  L.  H.  Pinson,  KB41 

ATTN:  James  E.  Bell,  HA10 

ATTN:  J.  Spetz 

ATTN:  N.  J.  Rudie,  FA53 

ATTN:  George  C.  Messenger,  FJ61 


Rockwell  International  Corporate  n 
ATTN:  John  F.  Roberts 


Rockwell  International  Corporatioi 
ATTN:  T.  B.  Yates 


Sanders  Associates,  Inc. 

ATTN:  1-6270,  R.  C.  Despathy,  SR  I’  E 

ATTN:  Moe  L.  Aitel,  MCA  1-J236 

ATTN:  James  L.  Burrows 


Science  Applications,  Inc. 

ATTN:  William  L.  Chadsey 


ATTN: 

Doc. 

Con . 

for  Philip  W.  Spence 

ATTN: 

Doc. 

Con. 

for  John  H.  Huntington 

Science  Applications,  Inc. 

j 

ATTN: 

Doc . 

Con. 

for  lan  D.  Smith 

Huntsville  Division 

ATTN: 

Doc.  Con. 

for  Charles  H.  Stallings 

ATTN:  Noel  R.  Byrn 

Science  Applications,  Inc. 
ATTN:  J.  Roger  Hill 


Science  Applications,  Inc. 
ATTN:  Charles  Stevens 


Sidney  Frankel  & Associates 
ATTN:  Sidney  Frankel 


Simulation 

ATTN: 


'cs,  Inc. 
i G.  Little 


The  Singer  Company 

ATTN:  Irwin  Goldman,  Eng.  Management 


Sperry  Flight  Systems  Division 
Sperry  Rand  Corporation 

ATTN:  D.  Andrew  Schou 


Sperry  Rand  Corporation 
Univac  Division 
Defense  Systems  Division 

ATTN:  James  A.  Inda,  MS  4 1 T25 


Sperry  Rand  Corporation 
Spei ry  Division 
Sperry  Gyroscope  Division 
Sperry  Systems  Management  Division 
ATTN:  Paul  Marraffino 

ATTN:  Charles  L.  Craig,  EV 


Stanford  Research  Institute 
ATTN:  Macpherson  Morgan 
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TRW  Systems  Group 

ATTN:  William  H.  Robinette,  Jr. 

ATTN:  Tech.  Info.  Center,  S-1930 

ATTN:  Donald  Jortner 

ATTN:  Richard  H.  Kingsiand,  Rl-2154 

ATTN:  Robert  M.  Webb,  MS  Rl-1150 

ATTN:  Jerry  1.  Lubell 

ATTN:  Aaron  H.  Narevsky,  Rl-2144 

ATTN:  Paul  Molmud,  Rl-1196 

ATTN:  Philip  R.  Gardner,  MS  Rl-1028 

ATTN:  Lillian  D.  Singletary,  Rl-1070 


Stanford  Research  Institute 

ATTN:  Robert  A.  Armistead 

ATTN:  Mel  Bernstein 

ATTN:  Setsuo  Ddairiki 

ATTN:  Philip  J.  Dolan 

ATTN:  Arthur  Lee  Whitson 


Sun -t rand  Corporation 

ATTN:  Curtis  B.  White 


ystems,  Science  and  Software 
ATTN:  David  A.  Meskan 


TRW  Systems  Group 
San  Bernardino  Operations 
ATTN:  J.  M.  Gorman 

ATTN:  John  E.  Dahnke 

ATTN:  Earl  W.  Allen 


Systems,  Science  and  Software 
ATTN:  Ira  Katz 

ATTN:  Andrew  R.  Wilson 


Systron-Donner  Corporation 
ATTN:  Harold  D.  Morris 


United  Technologies  Corp 
Norden  Division 

ATTN:  Conrad  Corda 


Texas  Instruments,  Inc. 

ATTN:  Donald  J.  Manus,  MS  72 


West inghousc  Electric  Corporation 
Defense  and  Electronic  Systems  Center 
ATTN:  Henry  P.  Kalapaca,  MS  3525 


Texas  Tech  University 
ATTN:  Travis  L.  : 


